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lVlETHOD AND APPARATUS FOR‘MEASURING 
FORM PARAMETERS OF ITEMS 

This application is a continuation, of Ser. No. 
08/063,955, ?led May 20, 1993, now abandoned. 

This invention relates to a method and an apparatus 
for measuring form parameters of items, utilizing a cam 
era. 

BACKGROUND ART 

Such a method and apparatus are known in practice 
in connection with the classi?cation and/or sorting of 
items, more particularly vegetables and fruits, such as 
apples, pears, tomatoes, paprikas, and the like. The 
items are passed through a ?eld of view of the camera 
and the image obtained by the camera is processed in an 
image-processing apparatus so as to provide the desired 
form parameters. The camera used is a normal black 
and-white or color camera. 

DISADVANTAGES OF THE BACKGROUND 
ART 

A number of disadvantages are associated with the 
known method. A first disadvantage relates to the em 
pirically established fact that the color of an item has an 
in?uence on the size as measured with the camera. In 
particular, the dimensions of a light item as measured by 
the camera are larger than those of a dark item of identi 
cal physical dimensions. 
A second disadvantage relates to the fact that a good 

measuring result requires a good contrast between the 
items to be measured and the background. That back 
ground is formed by the conveying means, such as a 
roller conveyor, which conveys the items through the 
?eld of view of the camera. The standard color of those 
rollers is black and it has been found that the contrast 
relative to dark items is so low that thereby a relatively 
great number of measuring errors are introduced. This 
applies especially to a particular type of apple grown in 
the U.S.A., viz., the “Red Delicious” apple, which is 
sometimes almost black. In practice it is attempted to 
solve this problem by utilizing a roller conveyor of a 
light-blue color, but this involves the disadvantage that, 
owing to the accumulation of dirt, the roller conveyor 
becomes darker with the passage of time, so that the 
contrast lessens. In addition, such accumulation occurs 
in an unde?ned manner. It is a further drawback that no 
use can be made of standard (black) parts. 
A third disadvantage relates to the fact that the result 

of the measurement is in?uenced by factors of the sur 
roundings, such as daylight or light being used in an 
other measuring process, for instance the color mea 
surement described in Dutch patent application 
92.00236. 
A fourth disadvantage relates to the capacity of the 

method, expressed in numbers per unit time. It will be 
clear that the camera can detect a good image of the 
item when the item is maintained in a stationary position 
for a given time within the ?eld of view of the camera, 
but in that case the capacity is unacceptably low. More 
over, the method is also intended to be used in existing 
sorting machines, and the method for measuring form 
parameters should not lower the capacity of those sort 
ing machines. Accordingly, the items are passed 
through the ?eld of view of the camera at a given speed. 
As a result of that speed, each item travels a given 

distance within the ?eld of view of the camera during 
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the time when the camera records an image. The image 
of the item as measured by the camera is therefore, in a 
manner of speaking, spread out in the direction of 
movement of the items, so that measuring inaccuracies 
are introduced. The higher the speed of the items, the 
greater such inaccuracy will be. In practice, this prob 
lem is dealt with by illuminating the items with short 
light ?ashes by means of ?ash tubes. Because of the 
short light ?ash, the camera, as it were, sees a frozen 
image of the item, which is the so-called stroboscope 
effect. This solution, however, has been found to be 
unsatisfactory in practice since the ?ash tubes, under 
the desired operating conditions, have only a short 
lifetime of approximately 10,000 ?ashes, while, further, 
the shorter the duration of the light ?ashes supplied by 
those ?ash tubes, the shorter the lifetime of those ?ash 
tubes will be. Moreover, the ?ash tubes are sensitive to 
mechanical vibrations such as may occur in sorting 
machines, and they also suffer from the high tempera 
tures occurring as a result of the continuous ?ashing 
operation. 
A further problem involved here is that the measur 

ing station must be screened from the surroundings, not 
only to prevent the possibility of surrounding light 
reaching the measuring station and affecting the mea 
surement, but also, and not in the least, to prevent the 
possibility of the light ?ashes reaching the surroundings 
from the measuring station, since this is particularly 
disturbing to the staff working there. 

OBJECTIVES OF THE INVENTION 

The objects of the present invention are to remove 
the disadvantages mentioned. In particular, it is an ob 
ject of the present invention to provide a method and an 
apparatus for measuring form parameters of items, in 
which the influence of the color of an item on the size 
measured with the camera is zero or at any rate reduced 
to a great extent. 
A further object of the present invention is to provide 

such a method and apparatus, in which the color of the 
background does not in?uence the contrast or at any 
rate does so to a markedly reduced extent, so that use 
can be made of standard parts. 
Yet another object of the present invention is to pro 

vide such a method and apparatus, in which the mea 
surement is not in?uenced by surrounding light or, at 
any rate, is in?uenced to a highly reduced extent. In 
particular, the object of the invention is to provide such 
a method and apparatus which are suitable to be com 
bined with the method and apparatus for carrying out a 
color measurement as described in Dutch patent appli 
cation 92.00236. 
A yet further object of the present invention is to 

provide such a method and apparatus which have a 
high processing capacity and, therefore permit the 
speed of conveyance of the items through the ?eld of 
view of the camera to be relatively high. 

DISCLOSURE OF THE INVENTION 

According to an important aspect of the present in 
vention, to that end use is made of infrared light, prefer 
ably in the range of 700 nm-lOOO nm, the range about 
approximately 850 nm being preferred. This makes the 
measurement insensitive to the color of the items and 
the contrast with the background, while the light 
?ashes in this wavelength range are not disturbing to 
the staff in the surroundings. 
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According to another important aspect of the present 
invention, use is made of solid state LEDs as light 
sources, which are capable of providing a very short 
light flash of a duration shorter than 20 ms and prefera 
bly of the order of 1 ms. 

DESCRIPTION OF THE DRAWINGS 

Further aspects, features and advantages of the pres 
ent invention will be clari?ed by the following detailed 
discussion of a preferred embodiment with reference to 
the drawings, in which: 
FIG. 1 is a schematic side elevation of a part of a 

preferred embodiment of an apparatus for carrying out 
the method according to the invention; 
FIG. 2 is a schematic top plan view of a part of a 

conveyor track used in that apparatus; and 
FIG. 3 is a schematic sectional view of that conveyor 

track. 
In FIG. 1, a preferred embodiment of an apparatus 

for carrying out the method according to the invention 
is generally indicated by the reference numeral 1. The 
apparatus 1 comprises a camera 10, means 20 for con 
veying items 2 through the ?eld of view 11 of the cam 
era 10, and means 30 for illuminating the items 2. The 
?eld of view 11 of the camera 10, which is preferably a 
matrix camera, is bounded by broken lines in FIG. 1. 
FIG. 1 further shows that a mirror 12 may be arranged 
in front of the camera 10. The object of such an arrange 
ment is merely to limit the overall height of the appara 
tus 1 in practice, as is known per se. 
The means 20 are adapted to convey the items 2 from 

left to right, as indicated by the arrow F1 in FIG. 1, 
through the ?eld of view 11 at a predetermined speed of 
translation v1, while simultaneously imparting a rota 
tion to the items 2, as indicated by the arrow F2 in FIG. 
1, the axis of rotation being directed perpendicularly to 
the direction of conveyance F1. 

In the example shown in FIG. 1, the conveying 
means 20 comprise a roller conveyor 21. Such a roller 
conveyor 21, shown in top plan view in FIG. 2 and in 
front view in FIG. 3, comprises rollers 22 which, paral 
lel to each other, have their ends rotatably mounted on 
an endless chain, equidistantly spaced, the chain being 
driven. The rollers 22 have a substantially cylindrical 
shape and may have a contour that is suitable for center 
ing and rotating the items. In the embodiment shown, 
the rollers 22 comprise a predetermined number of 
rotating/centering elements 23, whose shape substan 
tially corresponds to that of two truncated cones 
mounted against each other in mirror-symmetrical rela 
tionship. According to the invention, the rotating/cen 
tering elements 23 are preferably made in the standard 
color black, which means a saving of cost. 
When the roller conveyor 21 is driven to convey the 

items 2, the rollers 22 will rotate (arrow F3 in FIG. 1) 
so as to rotate the items 2. The rollers 22 may be sup 
ported on a supporting surface arranged stationarily 
relative to a machine frame, but preferably the rollers 22 
are supported by an endless friction belt 25 mounted on 
driven wheels or rollers, arranged at the ?eld of view 
11, in order to in?uence the speed of rotation of the 
rollers 22 and hence the speed of rotation of the items 2. 
Since such a roller conveyor 21 and friction belt 25 are 
already known and the nature and construction thereof 
do not form a subject of the present invention, and 
knowledge of their operation is not necessary for a 
person of ordinary skill to have a good understanding of 
the present invention, they will not be discussed in 
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4 
further detail; for a detailed description thereof, refer 
ence can be made to Dutch patent application 90.00236. 
A stationary frame 31 extends in the direction of 

conveyance, above the rollers 22, at any rate at the ?eld 
of view 11. Mounted on the stationary frame 31 are light 
sources 40, preferably next to the rotating/centering 
elements 23 of the rollers 22. The light sources 40 are 
disposed at a height such that, when items 2 are being 
conveyed on the roller conveyor 21, they are located at 
the centerline of the items 2, preferably substantially 
centered relative to that centerline. In practice, of 
course, the items 2 do not all have exactly the same size. 
Accordingly, the light sources 40 preferably have a 
vertical dimension which has been chosen with regard 
to their height position, such that when they are being 
passed by items 2 of the largest dimension to be ex 
pected, the light sources 40 can illuminate at least a part 
of the item located above the centerline thereof, and 
when they are being passed by items 2 of the smallest 
dimension to be expected, the light sources 40 can illu 
minate at least a part of the item located at the center 
line thereof. 
To enable the apparatus 1 to be simply adapted to 

different kinds of items 2, the light sources 40 are prefer 
ably height-adjustable. 

In a preferential embodiment, the light sources 40 
comprise a plurality of solid state LEDs 41 which radi 
ate infrared light of a wavelength in the range of ap 
proximately 700 nm to approximately 1000 nm, the 
range around approximately 850 nm being preferred. 
The camera 10 has been selected to be sensitive to this 
wavelength. In a tested embodiment, each LED 41 
radiates its light in a beam 43 having an apex angle a in 
the range of approximately 5° to approximately 15°. 
Each LED 41 is arranged such that the axis of the beam 
43 is substantially located in a horizontal plane and 
includes an angle of approximately 45° with the direc 
tion of conveyance. As is shown clearly in FIG. 3, the 
LEDs 41 in this embodiment are arranged in four hori 
zontal rows 421, 422, 423 and 424 arranged above each 
other, the LEDs 41 in each row being directed in the 
same direction, while the LEDS 41 in the topmost row 
421 and the third row 423 are oppositely directed to the 
LEDs 41 in the second row 422 and the lowermost row 
424. By “opposite” is meant that the LEDs 41 may be 
directed at an angle of approximately 45° relative to the 
direction of transport, either in forward or in rearward 
direction, so as to illuminate the rear side and the front 
side, respectively, of passing items 2. 
By virtue of the features described in the foregoing, a 

good illumination is provided of the contour of the 
items 2 as observed by the camera 10 as is clearly appar 
ent from FIG. 2. The LEDS can be controlled to pro 
vide a short light ?ash, of a duration of approximately 1 
ms, so that the camera 10 can observe the items 2 only 
for a very short time, which means that the camera 10 
observes a substantially stationary image of the items 2, 
in spite of a fairly high speed of conveyance. 
An image signal provided by the camera 10 is applied 

to an image-processing apparatus 10A, which may be an 
image-processing apparatus which is known per se. 
The image-processing apparatus may be adapted to 

calculate a predetermined form parameter from the 
image signal received. 
On the basis of the calculated form parameter the 

image-processing apparatus can generate a control sig 
nal for a downstream sorting apparatus for sorting the 
items. 
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Depending on the kind of items 2, and depending on 
the wish of the user of the apparatus 1, that form param 
eter may for instance simply be the largest length di 
mension Lmax, or the largest transverse dimension 
Dmax. The Lmax/Dmax ratio can also be used as a form 
parameter. 

It is also possible for the image-processing apparatus 
to be adapted to determine the largest transverse dimen~ 
sion Dmax and the smallest transverse dimension Dmin of 
item 2, and to calculate the Dmax/Dmin ratio as form 
parameter. It will be clear, however, that the user is free 
to program the image-processing apparatus to calculate 
from the image signal received any form parameter that 
is considered suitable. The image-processing apparatus 
may be adapted to receive a predetermined number of 
image signals from each item 2, in each case obtained 
from a different rotational position of that item 2, and to 
calculate the desired form parameter as the average or, 
conversely, an extreme value of the measured values. 
According to a further elaboration of the concept of 

the invention, the image-processing apparatus, for the 
purpose of a quality control, may be adapted to examine 
the image signal received for characteristics which are 
representative of attack or infection of the item. It has 
been found that damaged spots on vegetables or fruits as 
a result of fall or any other impact, or as a result of 
fungal attack, can be observed sooner and more clearly 
under infrared light than under visible light. 

It will be clear to a person of ordinary skill that it is 
possible to change or modify the embodiment of the 
apparatus according to the invention as shown without 
departing from the concept of the invention or the 
scope of protection. It will further be clear that the 
invention is not limited to use in vegetables or fruit. 

I claim: 
1. A method for measuring form parameters of items, 

comprising: 
(A) providing an infrared light sensitive camera capa 

ble of providing an image signal suitable for image 
processing; 

(B) conveying items disposed on a movable conveyor 
through a ?eld of view of the camera, and wherein 
an optical axis of the camera is directed substan 
tially perpendicular to a plane of the conveyor; and 

(C) illuminating the items on the conveyor with infra 
red light directed substantially in planes which are 
substantially parallel to a plane of the conveyor and 
lying generally along centerlines of the items. 

2. A method as claimed in claim 1, wherein the items, 
at least within the ?eld of view of the camera, are illu 
minated with infrared light which has a wavelength in 
the range of 700 nm-l000 nm. 

3. A method according to claim 1, wherein the items, 
at least in the ?eld of view of the camera, are illumi 
nated by means of solid state LEDs which are con 
trolled to emit light ?ashes of a duration of less than 20 
ms. 
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6 
4. A method as claimed in claim 1 wherein an image 

signal is generated by said camera and is processed for 
calculating a Lmax/Dmax ratio, Lmax being a largest 
length dimension and Dmax being a largest transverse 
direction of the item. 

5. A method as claimed in claim 1, wherein the infra~ 
red camera provides an image signal which detects 
deviant spots of the items representing damage or fun 
gal attack of the items. 

6. A method as claimed in claim 1, wherein series of 
measurements are performed on the items while the 
items are in a series of different rotational positions, and 
the desired form parameter is calculated as an average 
or an extreme value of measured values. 

7. The method of claim 1, wherein the illumination is 
by light sources which are height-adjustable and a 
height position of the light sources can be set so as to 
correspond generally to the height of centerlines of the 
items when they are located in the ?eld of view of the 
camera. 

8. The method of claim 7, wherein the light sources 
radiate a light beam having an axis which is substan 
tially located in a horizontal plane and includes an angle 
of approximately 45° with a direction of conveyance of 
the items. 

9. The method of claim 8, wherein the light sources 
are arranged in horizontal rows, the light sources in 
each row being directed in the same direction, and the 
light sources in each row being directed oppositely to 
the light sources in a neighboring row or rows. 

10. A method as claimed in claim 1 further compris 
ing providing a color camera capable of performing 
color measurements of - the items and illuminating the 
items with visible light so as to make color measure 
ments thereof. 

11. The method of claim 1, wherein the infrared light 
illumination is in the form of ?ashes having a wave 
length in the range of 700 to 1000 nm. 

12. The method of claim 11, wherein the infrared 
light ?ashes have a duration of less than 20 ms. 

13. The method of claim 12, wherein the duration is 
about 1 ms. 

14. The method of claim 1, wherein the camera is a 
matrix camera. 

15. A method for measuring form parameters of 
items, comprising: 

(A) providing an infrared light sensitive camera capa 
ble of providing an image signal suitable for image 
processing; 

(B) conveying items disposed on a horizontally mov 
able conveyor through a ?eld of view of the cam 
era, and wherein the camera is disposed above the 
conveyor; and 

(C) illuminating the items on the conveyor with infra 
red light directed substantially in planes which are 
substantially parallel to a plane of the conveyor and 
lying generally along centerlines of the items. 

* * * * * 


